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24 Rucker (1984) surveyed the attitudes and practices of pesticide applicators and growers in California about their use of protective equipment. Rucker found that personal protective equipment was seen as unnecessary and uncomfortable by the respondents and that most wore their pesticide contaminated clothing all day.
Another Canadian survey (Denis, 1988) found that only one third of the farmers had ever received any instruction on the safe handling of pesticides, and another third were unaware of safety information related to pesticide use. Farmers both stored and disposed of pesticides incorrectly. However, farmers still stated they were concerned about using pesticides. These findings were supported by Williams (unpublished data, 1969) .
Many believe that farmers do not handle pesticides appropriately, even if they are aware of the recommended practice. Because most farmers are self employed, the health and safety of their work environments are not evaluated by any regulatory agencies such as OSHA (Moses, 1989) . Farmers know there is little chance of being investigated. It is also believed that farmers are not aware or knowledgeable about the health effects and safety information pertaining to pesticides (Moses, 1989) . rr:o promote health and safety among farmers, public health and agricultural professionals need to know and understand the farmers' concerns about work related hazards as well as how they actually handle pesticides.
Pesticides are one of many hazards that can lead to illness in the farming community. Regardless of the size, the farm is a worksite that needs recognition, control, and evaluation of these hazards. Per year, the government spends $.31 on safety per farmer compared to $18 per miner (Langley, 1990) . Only in the past 2 years has government funding for agricultural safety and health programs increased. The federal appropriations for National Institute for Occupational Safety and Health (NIOSH) programs in agricultural safety and health were $11,082,000 in fiscal year 1990, with an increase in 1991 and 1992 to $18,640,000 and $21,485,000, respectively.
The NIOSH projects focus on surveillance, research, and intervention. One of the programs within surveillance is the Occupational Health Nurses in Agricultural Communities. In this program nurses provide "ongoing, responsive surveillance of agriculture related disease and injury" in up to 50 agricultural communities (NIOSH, 1992) . The agricultural workers in the United States need ongoing support in occupational health and safety. Occupational health nurses and other public health professionals are in a position to conduct further research within the agricultural community and provide illness and injury surveillance, education, and health promotion.
LITERATURE REVIEW
In the United States, crops for commercial use are sprayed heavily and frequently with chemical pesticides. These toxic substances can cause acute and chronic health problems to those exposed.
The agriculture industry is the largest user of pesticides. In 1985, 77% of the 1.08 billion pounds of pesticides was used in U.S. agriculture (Moses, 1989) . Pesticides were applied to 161,338 acres of farmland in the large rural, southern county where this study was conducted (U.S. Department of Commerce, Bureau of the Census, 1989). A restricted use pesticide (RUP) is defined by the Environmental Protection Agency as a pesticide that is more likely than other pesticides to injure people or damage the environment. Before farmers in the North Carolina county where the study was conducted can purchase, apply, or supervise the application of RUPs they must complete a certification program. Approximately 30,000 farmers are certified in the state, with 500 located in the county surveyed in this study (N.C. Agricultural Extension Service-NCSU, 1989 
Occupational health nurses and other public health professionals are in a position to conduct further research within the agricultural community and provide illness and injury surveillance, education, and health promotion.
A 1982 staff report released by the House Agriculture Subcommittee on Department Operations, Research, and Foreign Agriculture revealed the following: • 79% to 84% of active ingredients currently registered and used commercially lacked adequate oncogenicity studies. • 90% to 93% of active ingredients currently registered lacked adequate mutagenicity studies. • 60% to 70% of active ingredients currently registered lacked adequate teratogenicity studies. • 29% to 47% of active ingredients currently registered lacked adequate reproductive studies other than teratogenicity, such as fertility effects (Coye, 1985) . An estimated 300,000 workers per year are affected by pesticides (Moses, 1989) . In California, physicians are required by a state regulation to report pesticide related illnesses. The Department of Health Services estimates that only 1% of pesticide related illnesses among farmworkers are reported (Coye, 1985) .
Because little research has focused on the knowledge, concerns, attitudes, and behaviors of farmers who handle pesticides, the researcher developed a descriptive study tool to assess these variables and examine relationships between handling practices, and demographic and education characteristics.
METHODOLOGY
The study addressed the following research questions for a single population of farmers from the North Carolina county selected for the study. 1. What are farmers' attitudes, knowledge, and beliefs about safe handling of pesticides? 2. What concerns do farmers have regarding pesticide exposure? 3. Is there a difference in pesticide handling between farmers who have been certified to use restricted use pesticides and those farmers without certification? 4. Do safe practices in handling pesticides vary by such characteristics as age and education?
The county selected for the study has 757 farms which encompass 213,831 acres, with 709 white and 48 African American farmers (U.S. Department of Commerce, Bureau of the Census, 1989) . A list of all tobacco farmers (N = 565) was obtained from the Agriculture and Soil Conservation Services (ASCS). These farmers produced a variety of crops, such as soybeans, corn, wheat, peanuts, sweet potatoes, and cotton (refer to the Findings section for more specific information about crops produced).
The list was numbered and a simple random sample of 100 names was selected using a table of random digits. The survey was mailed to the 100 farmers. The items included on the survey instrument were developed through reviewing the literature.
The survey instrument was divided into four parts and contained 34 statements that required responses. Part I consisted of nine questions about demographic data such as age, sex, race, 26 and education. Additional questions asked about crops grown, farm acreage, and certification to use restricted use pesticides. Respondents were given structured choices and asked to circle or check each response. Four of the questions required written responses such as number of acres farmed, type of college degree, other crops farmed, and the year they were certified to use restricted use pesticides.
Part II contained four statements that focused on the respondents' knowledge and attitudes about pesticide labels, and environmental and personal protective equipment. For example, respondents were given the statement: "the label on a pesticide container always tells you how to correctly and safely use the pesticide." Using a three point modified Likert type scale, respondents were asked to indicate whether they agreed or disagreed with each statement.
Part III contained 14 questions that primarily assessed safety in handling pesticides. For example, respondents were given the question: "when spraying or handling pesticides do you wear the safety equipment that is recommended in the precautionary statement on the label?" Using a three point modified Likert type scale, respondents indicated the degree to which they always, sometimes, or never wore safety equipment.
Part IV contained four structured questions and two open ended statements focusing primarily on health issues and storage/disposal techniques related to pesticide use. Four questions required structured responses of yes, no, or unsure; for example, respondents were asked: "does the statement of practical treatment on the pesticide label tell you what first aid procedures to follow if you swallow; inhale, or touch the pesticide with your skin?" The next two questions required written responses to the questions about storage and disposal of pesticides/pesticide containers. The final statement asked respondents to list or describe their concerns about using pesticides.
FINDINGS
Forty one of the 100 survey instruments were returned. Because eight were returned blank for various reasons, 33 were analyzed.
The majority of respondents were white (73%) and male (97%). One fourth of the respondents (24%) did not report their race. Over one third of the respondents (39%) were between the ages of 40 and 49. Of the total respondents 84% completed high school. Most of the respondents (79%) were certified to use restricted use pesticides. The remaining 21 % were noncertified ( Table 1) . One fourth of the respondents (24%) farmed three crops with almost one half (45%) farming four crops. All respondents (100%) reported they 
Farmers' Responses to Knowledge and Attitude Statements
The label on a pesticide container always tells 24 (73) 5 (15) 4 (12) 1.39 .122 you how to correctly and safely use the pesticide. The signal word "danger" means that the 29 (88) 1 (3) 3 (9) 1.21 .104 pesticide is more hazardous than a pesticide label that has "warning" or "caution" written on it. There is too much concern today about 8 (24) 4 (12) 21 (64) farmed soybeans, with nearly all (94%) farming corn and tobacco. Less than one half of the farms (42%) were considered medium in size, encompassing 101 to 500 acres.
Knowledge and Attitudes
Farmers' knowledge and attitudes about pesticides are presented in Table 2 . Most of the farmers (73%, 88%, and 88%, respectively) agreed with the three statements that focused on the importance of the information provided on the pesticide label. A sizable majority ofthe respondents (64%) disagreed with the statement regarding concern for health and environment, and most farmers (88%) agreed that personal protective clothing and equipment were necessary.
Concerns of Farmers Regarding Pesticide Use
The final question on the survey instrument asked the farmers to list or describe their concerns about using pesticides. The responses from the certified and noncertified farmers are listed in Table 3 . Almost one half of the respondents' (49%) concerns focused on their environment and health, and the remaining dealt with how pesticides were handled and a need for further education.
Differences Between Certified and Noncertified Farmers
Most of the respondents (79%) in this survey were certified to use restricted use pesticides. Of the remaining noncertified respondents (21%), only four actually handled pesticides (Table 1) .
Certified and noncertified respondents were compared regarding their responses about their behavior when handling pesticides. Using chisquare and Fisher's exact test (two tailed), significant differences (P= .05) between the two groups were noted for age (Table 4) , storage of pesticides, and rinsing of pesticide containers.
Almost half of the certified respondents (46%) were between 40 and 49 years of age. Three of the noncertified respondents (43%) were 19 to 29 years of age (P = .0345).
The certified and noncertified farmers were similar in the manner in which they stored pesticides, with most of the certified (81%) and four of the noncertified farmers (67%) storing them in Less than one half of the noncertified respondents (40%) stated they never rinsed empty pesticide containers, compared to the certified respondents who always (85%) or sometimes (15%) rinsed the containers (P = .0299).
Statistically nonsignificant differences were noted regarding other behaviors when handling pesticides, such as wearing safety equipment, transporting pesticides, spilling pesticides on clothes, cleansing with a detergent and water after a pesticide spill on clothes, providing personal 28 protective equipment for workers, informing workers about necessary protective equipment, and washing pesticide exposed clothes separately. Farmers in this study were asked where and how they disposed of empty pesticide containers. Nearly one fourth of the respondents (24%) stated their empty pesticide containers were disposed of in a special site designated for such waste. Two of the respondents were noncertified farmers. One third of the respondents (30%) stated they disposed of their empty containers in landfills. One of these responses was from a noncertified farmer.
Level of Education and the Safe Handling of Pesticides
Almost half of the respondents (45%) had some level of college education ( Table 1 ). The respondents' educational levels were compared to how they handled pesticides. Statistically nonsignificant differences were noted among the respondents in the following handling behaviors: cleansing with a detergent and water following a pesticide spill on clothes, informing workers about necessary personal protective equipment, washing clothes separately, and cleaning contaminated soil after a pesticide spill.
The farmers were similar in their responses about informing their workers about necessary personal protective equipment in that a large majority within each educational level (75% < high school, 64% high school degree, 90% some college) reported they always informed their workers about necessary personal protective equipment (P= .135).
All of the respondents (100%) with less than a high school education stated their exposed clothes were washed separately from other nonexposed clothing. Almost one third of the respondents (31%) who completed high school and half (50%) of those with some college education stated they always washed exposed clothing separately (P = .128).
All of the respondents (100%) with less than a high school education stated pesticide spills were always cleaned up as recommended by the USDA and US EPA. Half of the respondents who completed high school (50%) and the majority ofthose with some college background (66%) reported doing the same (P = .632).
DISCUSSION
Overall the respondents in this study reported that they practiced safe behaviors when handling pesticides. However, surprising and unexpected differences were found among the respondents when certification and level of education were considered.
Knowledge and Attitudes About Safely Handling Pesticides
Regarding knowledge and attitudes about pesticide use, the majority of farmers agreed with the three statements that assessed their knowledge of information on the pesticide label. This agreement indicates that the farmers were knowledgeable about the information on the label. It also suggests that the farmers were aware of the information that focused on safety and pesticides. The pesticide label contains a large amount of information, because it explains how to use that pesticide safely and correctly (USDA and US EPA, 1975) .
Previous research by Rucker (1984) indicated that pesticide applicators stated personal protective equipment was unnecessary. However, this study showed that 88% of the respondents agreed with the statement that personal protective equipment was necessary. One reason for this difference could be that most ofthe respondents in this study were certified and therefore knowledgeable about the importance of personal protective equipment.
Concerns About Pesticide Use
The concerns about pesticide exposure most frequently reported by the farmers included the effects of environment/health, improper handling of pesticides, and a need for further education among the public and agricultural workers about pesticides. Previous research provides little info::mation focusing on farmers' concerns about pesticides. However, Denis (1988) reported that farmers were concerned about the hazards associated JANUARY 1993, VOL. 41, NO.1 with pesticide use, which is consistent with the concerns in this study about the environment and health.
These responses differ from the Hallett (1987) study, in which the farmers did not consider farming to be hazardous. The results from this study suggest that these farmers are more concerned about the hazards associated with pesticides, possibly a byproduct of the certification status of farmers.
Differences Between Certified and Noncertified Farmers
Significant differences were noted in age, storage of pesticides, and rinsing of empty pesticide containers among certified and noncertified farmers. In reviewing the differences, the total number of respondents (33) was small and seven were noncertified; only four of those seven actually handled pesticides.
The majority of certified farmers (46%) were twice the age of noncertified farmers (43%). It may be that younger, noncertified farmers are applying and handling pesticides for the farm owners, who may be older and certified to use restricted use pesticides. The Agricultural Extension Service and the state Department of Agriculture (1984a,b) stated that it is acceptable for noncertified workers to handle and apply restricted use pesticides as long as they are under direct supervision of the certified applicator. However, there is no way of knowing how much direct supervision and instruction is given to noncertified workers before or during the application of pesticides.
Most certified farmers (81%) and noncertified farmers (67%) stored pesticides in a separate building. The remaining noncertified farmers (33%) indicated they did not use pesticides. It is doubtful that the farmers in this study store pesticides as recommended in the Apply Pesticides Correctly manual (USDA and US EPA, 1975) , which states that pesticides should be stored in a fire resistant building with a cement floor, exhaust fan, and a locked door away from food, animals, feed, and seeds. Two of the respondents stated they stored pesticides in a locked barn or building. It is unknown how many, if any, of the locations met all of these criteria.
A larger percentage of the farmers in this study (certified 81%, noncertified 67%) stored their pesticides in a separate building compared to the farmers in the Hallett (1987) study, where (during the summer) less than half (40%) of the farmers stored their pesticides in a separate building. Previous research by Denis (1988) and Rucker (1984) revealed that farmers stored pesticides in their homes.
No responses indicated homes were used as storage areas for pesticides among the farmers in this study. However, in 1969 the Williams study found that most farmers (83%) in Johnston county (another North Carolina county) stored pesticides within 100 yds of their homes. It is unknown what types of structures were used for this storage.
A larger percentage of the certified than noncertified farmers reported they always rinsed their containers. One reason for this difference could be that the noncertified farmers had not participated in the certification training and were unaware of the importance of rinsing.
Most certified and the majority of noncertified farmers responded they sometimes wore the recommended safety equipment. This may be due to the fact that these farmers expressed concerns about their environment and health.
Data from this study revealed that the noncertified farmers always or sometimes spilled pesticides on their clothes. The certified farmers appeared to be more careful, since almost one third stated they never spilled pesticides on their clothes. This may imply that trained certified farmers are more aware of the dangers of pesticide contact with the skin. If the noncertified farmers were unaware of pesticide exposure hazards they would not know to behave more carefully.
Another difference between this study and previous research is that a large majority of all farmers (64%) reported they removed their clothes immediately if pesticides were spilled on them. This is possibly a result of their knowing the importance of this behavior, since the majority of the respondents were certified.
Except for the rinsing of empty pesticide containers, the percentage never practicing other safety behaviors was small among the noncertified farmers. Overall safety practices of noncertified farmers were good.
Examples of very safe practice were reported among the noncertified respondents when they transported pesticides, provided personal protective equipment for their workers, and washed their pesticide contaminated clothing separately. The recommended and safest method for transporting pesticides is to secure them in the back of a truck (N.C. Agricultural Extension Service, 1984a,b) .
Surprisingly, over twice as many of the noncertified farmers (80%) reported always using a truck/vehicle when compared to the certified farmers. It was expected that more ofthe certified farmers would have stated they always used a truck as well. Reasons for this are unclear and need further investigation.
Another positive and unexpected behavior from the noncertified farmers is that 100% reported they provided personal protective equipment for their workers (almost twice that of the certified farmers). These data are confusing, especially when only half of the noncertified farmers informed their workers about the necessary personal protective equipment. Almost the same is true when reviewing the results of the certified and noncertified farmers regarding the separate washing of pesticide contaminated clothing. The common link between these three behaviors is that the noncertified farmers reported in higher percentages always practicing safe handling behaviors, even though they have not received the certification training that teaches these practices. One possible reason for this relates to the age differences between the certified and noncertified farmers.
If the noncertified farmers work for or with the certified farmers it is possible that the certified farmers taught these safe handling practices to them. Also, noncertified farmers may have observed these practices and done the same without knowing why. Another explanation might be the Hawthorne effect-the subjects responded as they thought they should.
When reviewing the responses about disposal of empty pesticide containers, all of the farmers practiced safe behaviors, but it is unsure to what extent. Of the total respondents, 30% reported (all but one of whom were certified) they disposed of their empty containers at landfills. Although this is appropriate, additional actions must be taken to prepare the empty pesticide containers before disposition.
According to the Apply Pesticides Correctly manual (USDA and US EPA, 1975) some rinsed, empty pesticide containers can be taken to the sanitary landfill, but the farmer should first check with state and local officials. It is unknown, however, what percentage of the farmers in this study properly rinsed the containers or checked with officials before using a landfill.
Another one fourth of the farmers (24%) (all but two of whom were certified) used special disposal sites designated for pesticide disposal. One certified and one noncertified farmer stated they returned their empty containers to the pesticide dealer where they were purchased. The last two methods relieve the farmers from some of their responsibility for safe disposal of the containers. The remaining farmers in this study dispose of empty pesticide containers by burning and burying them; both are acceptable but require further precautionary measures (USDA and US EPA, 1975) .
As discussed earlier, the farmers in this study were concerned about the environment/health,
IN SUMMARY
How Pesticides Are Handled in a Rural North Carolina County A Survey of Farmers. Winstead, G.B. pesticides. However, more research is needed to assess these areas of agriculture. The pesticide handling behaviors of farmers especially need further research.
Knowing farmers' behavior patterns would enable occupational health and agricultural professionals to plan and implement some type of intervention. Learning farmers' patterns would also help determine their attitudes and concerns about using pesticides.
Additional surveys could be distributed to larger numbers of farmers located throughout the state, but conducting interviews would be more advantageous. It is very probable that the response rate would be higher and that respondents would be more accurate in an interview. The interviewer would be present to provide clarification for concerns. Also, the interviewer h.andling o.f pesticides, and education about pesticides. Their concerns were reflected in their actions .regarding the disposal of empty pesticide contamers.
Level of Education and Safe Handling of Pesticides
Although statistically nonsignificant, there were interesting differences noted between handling practices and level of education among the farmers in this study. These differences were similar to those related to certified and noncertified farmers in that the least educated unexpectedly responded that they always practiced a particular safe behavior.
Although responses by educational levels differed greatly regarding washing clothes separately and cleaning the soil, two explanations are plausible. It could be that the least educated farmers responded as they thought they should. Another possibility is that although the farmers did not complete high school, they were certified and actually did know how to safely handle pesticides.
Limitations
Limitations in this study must be considered. The small sample size and low response rate make it difficult to generalize these findings to all tobacco farmers in this large, rural, southern county when over half of the subjects (59%) did not respond. Other issues that reduce generalizability were the small number of noncertified farmers and high level of education among the total number of respondents. Most likely, many of the farmers in this large, rural, North Carolina county are not as highly educated as those who responded.
It is also likely that the subjects felt threatened by the survey instrument and feared their responses would lead them into trouble. The survey instrument, which was three pages long, could also have deterred them from responding.
In addition, content validity may have been increased by additional instrument review in the agricultural community. Question 19 on the survey instrument, which asked the farmers if they washed with a detergent and water within 30 minutes after spilling pesticides on their clothes, now seems confusing and could possibly have been for the respondents as well. The researcher also suspects that at least some of the farmers responded as they thought they should.
Future Research
The findings from this study add to the previous findings about the knowledge, concerns, attitudes, and behaviors of farmers when handling 1.
2.
3.
4.
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Although farmers receive little guidance and training related to safety, most of the farmers in this study were knowledgeable about handling pesticides safely.
The most frequently reported concern among these farmers related to the environment and health.
Significant differences were noted in age, storage of pesticides, and rinsing of empty pesticide containers among certified and noncertified farmers. Recognizing other significant differences in handling practices between the certified and noncertified farmers was difficult due to the small sample size and few numbers of noncertified farmers.
Although statistically nonsignificant, there were instances where the noncertified farmers and the least educated farmers responded that they always practiced particular behaviors safely.
has more control during an interview and is able to make observations during that time (Polit, 1987) .
Implications for Practice
Information obtained from such a study as this will enable occupational health nurses and other public health professionals to educate and inform the leaders in agriculture and government about the need for further surveillance, research, and additional agricultural health and safety programs within farming communities.
